Material and energy resource consumption is on the rise in both the industrialized and developing world (e.g., countries like India and China). In order to sustain this growth and provide resources for future generations, there is a need to design products that are easy to recover and recondition, thus enabling multiple use cycles. Processes are needed that can achieve this multiuse while producing zero (or very near zero) waste. There exist a number of barriers and challenges to achieving this vision of multi-use with zero waste; one such challenge is the development of a product recovery infrastructure that will minimize short-term impacts due to existing products and will be robust enough to recover products of the future. This paper identifies the barriers to developing such a recovery and reuse infrastructure. The aim is to achieve product multi-use and zero waste.
INTRODUCTION
In only 12 years -from 1987 to 1999 -the world's population increased by 20 percent, from five to six billion 1. Also affiliated to Engineering and Technology Department, University of Wisconsin -Stout 2. Also affiliated to Mechanical Engineering Department, Istanbul Technical University [UCS, 2002] . Current projections predict that the population will reach approximately 10 billion people by 2050; nearly double that of today. Everything else being equal, meeting even the most basic needs of the global population will require about double the material resources and energy and produce double the waste.
Population growth, however, is not the only issue. A number of nations around the globe are undergoing dramatic economic development. Economies in China and India are growing with rates of approximately 6-8% as compared to the U.S., which has grown at an average rate of 2-3% over the last 25 years. The combined growth in the economy and the population has placed increased demands on the world's resources. Table 1 shows the per capita change in consumption of energy, electricity, and paper for China, India, U.S., and rest of the world between 1989 and 1999. As is evident, the consumption levels in the U.S. far outpace the world average and that of several of the world's fastest growing economies.
While the global population will nearly double in size over the next fifty years, even conservative estimates for the global GDP/capita call for a 5-fold increase. This economic growth is significant since resource consumption and waste production per capita are generally proportional to the GDP per capita (refer to Fig. 1 ). In examining the figure, it is noted that energy consumption per capita is highly correlated to the GDP per capita. Therefore, as we move forward into the 21st century we must address the challenge of how developing nations can achieve economic development without following the same pattern as industrialized nations. To assess the combined effects of population growth and economic development on the earth's ecosystem, Graedel and Allenby [1995] advocate the use of the so-called Master Equation:
where I is the total impact (energy consumption, material resource use, and waste production), N is the population, P is the GDP per capita, and E is the environmental impact per unit GDP. According to Huesemann [2003] , the term E can also be referred to as the "technology factor". This term in the master equation reflects the idea that technological improvement can be seen as a main strategy in reducing the total environmental impact of human activities.
Based on the foregoing discussion, over the next 50 years the value for N is expected to double and the value for P may increase by a factor of at least five. Assuming no change in E, i.e., no change in the technology, the impact will therefore increase 10-fold. Where will we find the resources to meet an order of magnitude increase in resource demand? Where will we put the wastes? An improvement of E (eco-efficiency) of 10 times is needed over the next 50 years to maintain our status-quo in terms of impact.
One may wonder, might such improvements be achieved normally via evolutionary or ordinary technology development? To answer this question, let us consider what has happened to energy efficiency in the U.S. in the past (Fig. 2) . As is evident, the efficiency has improved by only 2.5 times in 100 years! Clearly, this "business-asusual" strategy is not enough to achieve the required tenfold increase that we must achieve within the next 50 years. Obviously, new thinking is needed by all the stakeholders in the economy (i.e., industries, government, and consumers) to achieve the efficiencies necessary for sustainability.
Countries around the world, especially in Western Europe and Japan, recognize that a concerted effort is needed to meet the global challenge of sustainability. Governments and manufacturers in these regions are well ahead of the U.S. in addressing the sustainability challenge through the development of energy/material efficient technologies/ products, low impact manufacturing (value creation) processes, and end-of-use (value recovery) operations. In view of the globalization of economies, companies in the United States are now being required to understand and comply with the environmental regulations of different countries in which they do business. In addition, for U.S. companies to remain competitive, they must also pursue environmental-driven innovations in design, manufacturing, and recovery technologies. This requires them to understand the material and product flows mandated by the decisions inherent within their product/process designs. The authors believe that at some point in the future, sustainability considerations will result in product lifecycles that are closed or nearly so. This suggests that products will undergo multiple use, which will undoubtedly require a recovery process to reclaim used products. To achieve sustainable (closed-loop) product and material flow cycles within an industrial ecosystem, attention must be directed at designing products for multi-use life, e.g., product, subassembly, component remanufacture/reuse, and, as a last resort, material recycling. Material recycling, though not a preferred approach, will be required to recover "waste" materials in the product and process them into "new" raw materials, however, zero material waste will be the goal of this approach. This vision as defined here mimics that of a food web, where an animal or biological entity and/or its waste are the food (raw materials) for other creatures of the ecosystem. In the natural world, the material flow cycles are closed and there are no wastes. This paper is focused on identifying the issues that currently stand in the way of creating closed loop product/material flow cycles.
CURRENT STATUS
In considering a truly closed-loop product life-cycle that envisions product multi-use and zero waste from all the life-cycle stages, it is important to understand the barriers (or enablers) that must be addressed in order to achieve the vision. Before discussing the enablers, however, some discussion of the current situation with respect to product technology and recovery processes is in order. This discussion will reveal areas where technology appears to be deficient and where significant losses, in terms of material waste output, currently exist. This section will focus on the technology and recovery processes for two high visibility and high volume products, i.e., automobiles and electrical and electronic equipment.
Automobiles:
Despite the fact that automobile manufacturers are working to improve the fuel efficiency of vehicles, the number of miles traveled in the U.S. (and elsewhere in the world) has increased at a faster rate than the rate of fuel efficiency improvement. In 1999, out of 700 million motorized vehicles in the world, 200 million of these vehicles (cars and light trucks) were registered in the U.S. [Alvord, 2000] . The 1990s saw a three-fold increase in the number of cars worldwide with respect to the human population [Pimental et al., 1998 ]. Alvord [2000] reported this increase to be six times in the U.S. from the period 1969 to 1995.
The automotive industry uses tremendous amounts of material resources and has a huge environmental impact. Graedel and Allenby [1998] reports that the automotive industry uses large fractions of the total annual U.S. consumption of materials (e.g., Aluminum 32.2%, Lead 75.8%, Platinum 41.4%). Of the total CO 2 emissions produced by the U.S., approximately 20% can be attributed to domestic road transportation [IEA, 2001b] . Because of the significant environmental impact of the industry and in response to government-mandated requirements (e.g., EPA emission limits and CAFE requirements), the OEMs have explored new powertrain concepts and have turned to lighter materials such as aluminum, magnesium, plastics, and polymer composites. In terms of powertrain-related issues, a variety of alternative fuels and power sources like CIDI (compression ignition -direct injection) diesel engines, electric or battery power, hybrid vehicles, and fuel cell technology have been investigated. Other efforts of the industry, in partnership with the U.S. government, have been the Partnership for a New Generation of Vehicles (PNGV) and more recently the Freedom CAR initiative [USCAR, 2005] . Some of the goals that PNGV set for itself included: (i) a fuel efficiency of 80 mpg, (ii) recyclability of at least 80%, and (iii) cost of ownership maintained at 1994 levels [USCAR, 2001] . The PNGV called for a vehicle weight reduction of 40% within ten years [NRC, 1998] . In spite of these initiatives, the Copenhagen-based European Environment Agency (EEA) has stated that engines that are more efficient may not be enough to offset shifts toward larger cars and an increase in distance driven per person [Burke, 2000] .
Automobiles are perhaps the most recycled product in the world, with about 95% of end-of-life vehicles (ELVs) entering the recycling stream in the U.S. (about 75% of the mass of each vehicle, mostly ferrous content, is recovered) [Cobas-Flores et al., 1998 ]. However, 25% of the solid waste (i.e., Automotive Shredder Residue, ASR) is generally landfilled. Figure 3 describes the approximate composition of the ASR [Jody and Daniels, 1999] . Bandivadekar et al. [2004] have described, in detail, the recovery process within the automotive life-cycle. No competitive commercial technology is currently available to address the ASR waste stream (13M vehicles * 1500kg/vehicle * 25% = 4,875,000 tons of ASR landfilled per year).
Figure 3. ASR Composition
Companies like Caterpillar, Detroit Diesel, and Cummins have established recovery and remanufacturing business units that handle engines, fuel injectors, electronic systems, and drive train systems. For example, Caterpillar annually processes over two million used engines and components [Miller, 2004] . These engines and components receive comprehensive tear-down, chemical and abrasive cleaning, and nondestructive inspection for wear and failure. Rebuilding operations are carried out on these engines and components to meet the specifications of new equipment through a variety of technologies, e.g., laser deposition of material onto worn surfaces and replating.
Electrical and Electronic Equipment:
As compared with automobiles, electrical and electronic equipment (EEE) have not seen major technology changes with respect to materials over the last three decades. Certainly there has been miniaturization, and owing to Moore's Law more computing power (and intelligence) built into EEE products such as electronic CD players, refrigerators, TVs, microwaves, washers, driers, and cell phones [George, 2003] . Of course, two of the principal differences between many EEE products (e.g., cell phones and computers) and automobiles are the rate of introduction of new models (there is no corollary to Moore's Law for automobiles) and the working life of the products. These differences highlight the "planned obsolescence" marketing strategy that apparently exists with many EEE products. Because of the variety of product models, size changes, compatibility issues, etc. the recovery of waste EEE (sometimes termed e-waste) is very challenging.
Many electrical appliances are recycled because they have high value for their scrap metal content. However, the recycling of freezers, air conditioners, and refrigerators is not very profitable because these products require special handling of the refrigerants or foamblowing agents. Recyclable materials arising from e-waste are listed below.
• Ferrous metal: This is the most common material (50 % by weight) found in EEE components.
• Plastics: After ferrous content, plastics are the second largest material (24% by weight) found in electrical equipment. Some of this plastic is flame retardant, and the chemical compounds that have been historically employed to retard flame are damaging to the environment.
• Non-ferrous metal: About 3% by weight of e-waste is metals like aluminum, copper, and precious metals.
• Glass: Accounts for an estimated 8% of the total weight. Table 2 lists the amount of e-waste generated in different regions of the world. Owing to space constraints, a complete discussion of all the problems associated with the recovery of e-waste is not provided here. However, the magnitude of the problem is well illustrated by considering cell phones and personal computers (PCs). Currently in the United States, users discard cell phones at a rate of more than 125 million phones per year, resulting in more than 65,000 tons of waste [EPA, 2005] . A reason for the high volume of discarded cell phones is the aforementioned rapid change in technology. Consumers buy new products not because their old cell phones function poorly, but rather because they are looking for a better technology or just for improved social status. Skerlos et al. [2003] reported that e-waste recyclers find it difficult to handle these huge volumes. However, Skerlos et al. [2003] 
VISION -IDEAL MATERIAL FLOW
The development of closed-loop product life-cycles will necessitate the multiple use of products and components while producing no material waste during any of the multiuse stages. To move toward this vision, we must understand the complex interconnectivity between the various entities in the product life-cycle. Furthermore, one decision can affect a wide range of outcomes. For example, if a company is assembling laptops in the U.S., the individual parts or components could be manufactured in the U.S., China, or other countries around the world.
Owing to the complex nature of the supply chain, the OEMs may not have complete information regarding the part material composition of the components used in the product. The lack of complete information may be due to sensitivity regarding proprietary information of the parts manufactured. The lack of complete information can lead to a situation where the business entities involved in the end-of-use product recovery process may have incomplete knowledge of potentially hazardous substances within the product or the value of the components. For now, let us look beyond the challenges associated with knowledge uncertainty in the product life-cycle.
The product, component, and material flows in the life-cycle are shown in Fig. 4 . The interpretation begins in the top left of the figure when the raw material is extracted. Following extraction, the material is processed, manufactured into parts and products, and then sold to the consumer. In principle, the product remains with the consumer until the functional value becomes less than the maintenance cost of the product (an example where this principle may be violated is the cell phone situation discussed previously). Following the completion of this first usage stage, the product enters the first cycle, i.e., the consumer reuse cycle, where the product is sold to another user after servicing or reconditioning is performed. Cort [2003] has said that reconditioning is not the same as remanufacturing; remanufacturing occurs when the product is discarded as an end-ofuse product (EOUP). For example, reconditioning of a refrigerator might include recharging the refrigerant, polishing the exteriors/interiors, or fixing defects in the refrigerator. However, remanufacturing a product may include the reconditioning step, replacing damaged components, followed by rigorous testing as if the refrigerator was a new product. Another difference is that in remanufacturing the specifications of the old product may be upgraded to bring it close to the specifications of a new product.
At some point, the consumer reuse cycle will no longer be viable, and the EOUP will enter the "End-of-Use Logistics" stage. The business entities within the "End-of-Use Logistics" stage are referred to as end-of-use processors. The OEMs may or may not be part of this logistics stage depending on the business strategy or regulatory requirements. For example, in Europe the take-back laws require the manufacturer to take part in the recovery process. These laws require companies who make or import items to be involved in the "end-of-life" phase of their products' life-cycles [Lambardi, 2005] . According to Lambardi [2005] , these laws create an incentive for OEMs to pay attention to the design of their products, and it is in design where creativity, control, and resources exist to address potential downstream environmental problems, create products more suited to multi-use of assemblies and components, and affect positive changes in the product life-cycle. 
Figure 4. Material Flows in the Product Life-Cycle
When the product reaches the end-of-use processors, there are two available product disposition options: 1) sell the product on a secondary market -for this option the market viability (profitability) of the used product/subassembly/part needs to be assessed, or 2) sell the product to the material reclaimer (e.g., shredder and nonferrous operator). In this context, the profitability refers to the monetary benefits for the end-of-use processor. Usually, before assessing the market potential and profitability of the used product/sub-assembly/part, the end-of-use processor does not undertake any remanufacturing activity. However, the cost associated with remanufacturing of the product is accounted for in the profitability calculations. If the market for the used product, subassemblies, or component parts exists, and it is profitable, then an EOUP enters the product, subassembly, or part recovery cycle, in that order. The specific remanufacturing steps to be undertaken depend on market requirements, i.e., the quality of the incoming product or subassembly or component, and the customer expectations. The entity that does the actual remanufacturing may or may not be the same as the endof-use processor or the OEM.
In the case of subassembly or individual part recovery, the profitability calculation will not only include the cost associated with the remanufacturing of the subassembly/ part but also the associated disassembly cost to obtain the subassembly/part. The business entity that disassembles and/or remanufactures the subassemblies/ parts has a number of outlets for their "products": 1) to the remanufacturer of used products or subassemblies respectively, 2) to business entities within the reuse/ service/maintenance cycle, 3) to the OEMs, or 4) to the material reclaimers.
The last option for material flow in the product life-cycle is the material recovery cycle, where the product is shredded, separated, and recovered for the material value and sold to the primary or secondary material producer. Material reclaimers also have the option to send the material to landfill. However, this is an option to be avoided as the landfill operator usually charges money to take the material and certainly landfilling is not consistent with the principles of sustainability as all functional and material value is lost.
In considering Fig. 4 , the vision is to, above all, avoid landfilling, and to use material recovery only sparingly. The emphasis is on employing product/component recovery loops and designing products so that they spend a maximum amount of time during the use phase. We believe that the ideal product/material flow cycle is one in which the value that is manufactured into parts, assemblies, and products is retained to the maximum extent possible.
FACTORS AND BARRIERS INFLUENCING PRODUCT MULTI-USE AND ZERO WASTE
Sustainable behavior is influenced by many factors; Fig. 5 suggests that factors such as societal support, environmental issues, product design, manufacturing, available recovery technologies, economics, suitable analysis methods, and usage patterns can each influence the sustainability. In considering our goals of product multi-use and a zero waste product/material life-cycle, each of these factors will impact our ability to achieve the goals. Of course, each of these factors has multiple issues associated with it. To comprehend fully the significance of these factors with respect to product multiuse and zero waste, the issues and barriers associated with each factor will be discussed. Society: Mihelcic et al. [2003] described the role of society in influencing sustainability. It is suggested that societal choices influence the environmental impact of the society. For example, in terms of automobile selection, consumers know that SUVs have a poorer environmental performance than smaller more fuel-efficient vehicles, yet society (consumers) continue to demand and purchase SUVs. At present, it is the feeling of the authors that society has a negative perception towards used, recycled, or remanufactured products. Unless this perception is changed, society will continue to choose new products, and serviceable used products and components will be discarded. 
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The barriers under the societal factor include: i) individual and consumer attitudes, ii) governmental regulations, iii) environmental awareness, and iv) marketing and consumerism. It is imperative to realize that the whole process of product recovery will not be successful if the products do not successfully make it into the product recovery infrastructure. One of the key issues influencing this is the willingness of individuals and communities to participate actively by placing end-of-use products into the value recovery infrastructure. This willingness can be achieved through improved environmental awareness, passage of stringent governmental regulations, and/or nurturing the acceptability of product multi-use practices. Of course, changes in societal perception may involve education, mass communication, governmental mandate, lobbying, consumer activism, etc.
Environment:
The environment factor addresses the key aspects of resource availability and product disposal impacts. As noted previously, the world population continues to increase and economies continue to grow. Without fundamental changes, resource use and waste are estimated to increase 10 times by the year 2050. We believe that in order to manage the effects of population increase/economic growth, it is imperative to recover all materials from the end-of-use products so they may be fed back into the industrial ecosystem.
The barriers identified by the authors under the factor "environment" include: 1) perception of abundant resources, and 2) lack of significant economic impacts from resource depletion, and 3) lack of the true environmental burden of wastes reflected as costs in economic markets. Dumping of wastes is still essentially free or highly subsidized. The current sky-rocketing oil prices may be an indication of a resource in such high demand by developing world economies. A sustainable product/material life-cycle must be established like that depicted in Fig. 4 -such a life-cycle envisions the multiple use of products/assemblies/components and utilizes manufacturing/remanufacturing/recovery processes that produce zero waste. This multiple use of products must also be practiced in conjunction with a philosophy of reduction of all associated product resource use, including energy sources during the life of a product, e.g., fossil fuels.
Design:
Design is a key factor in achieving the vision of product multi-use and zero waste. All decisions made during the design stage, whether they are made during concept design or detailed engineering design, impact our ability to achieve product multi-use. The design decisions also influence other factors like manufacturing, economics, and recovery technologies. In order to achieve zero waste, it is imperative that the waste generated during the manufacturing stage is reduced, or more preferably eliminated altogether.
The key barriers associated with the design factor include the lack of i) standardization, ii) concepts of modular design, iii) interchangeability of subassemblies, components, or parts, and iv) designer knowledge of the impact of their decisions on the environment. As noted in previous discussions, the ability to easily reconfigure/ reuse products, subassemblies, or component parts of an end-of-use product is dependent on the design/structure of the product, e.g., modular design [Zhang and Gershenson, 2004] . For example, it is clearly beneficial to the environment that designers of portable electronics in the past separated the function of batteries from the rest of the device, so that the end-of-life of the battery did not mean the end-of-life of the entire device. On the other hand, designers still integrate aspects of products that quickly become obsolete or out-of-style with those that do not. For example, moving to a higher resolution digital camera or web cam requires replacing the whole thing, even though in principle the design could just require plugging in a new circuit board. It is difficult to tell which aspects of a product will quickly become obsolete or outof-style and how to uncouple them from the rest of the product. In addition, innovation in the design processes and materials used, significantly impact the subsequent recovery of these products and materials. Clearly, significant changes and new concepts in product design must be developed to promote the vision of product multiuse.
Manufacturing:
As noted previously, manufacturing plays an important role in promoting product multi-use, and certainly a zerowaste life-cycle. Significant attention must be devoted to manufacturing in order to create products that can be easily reused and achieve consistent function with a reliable service life across multiple use cycles. Purchasing of materials and other resources is a function of manufacturing that obviously affects our ability to achieve multi-use with zero waste. The purchasing function is a controlling agent in the reuse of recycled versus new materials and as such, will be significant in the zero waste utilization of materials in new use cycles. Much work is needed to transform manufacturing to address the goals detailed herein.
Manufacturing presents a challenge in achieving sustainable flow cycles as the attitude towards conventional manufacturing processes is a major barrier Another barrier is the processes utilized and the quality achieved during manufacturing, as it influences the ability of a product to withstand wear; excessive wear will erode our ability to consider product multi-use. To improve quality, product function, and environmental performance, a designer may specify radical changes in components/ materials; the lack of a suitable supply chain to address these changes stands as an obstacle that is associated with the manufacturing stage of the life-cycle.
Recovery Technologies:
There are many recovery technology issues that affect our ability to achieve the vision of product multi-use with zero waste. These issues may be broken down into two categories: 1) logistics (e.g., collection sites and transportation), and 2) processes and technologies associated with demanufacturing, remanufacturing, recycling, etc. Obviously, the whole process of product multi-use will not function without the appropriate processes, technologies, logistics, and infrastructure.
Tracking use cycles and use hours of a product is important to improve recovery technology efficiency. Successful recovery will need information technologies like "smart systems" capable of product monitoring, data processing, and then communication during the product recovery processes. In addition, the technologies for recovery of materials like plastics, composites, and remanufacturing systems are also required to achieve product multi-use and zero waste. Finally, complete product structure, e.g., component materials within all subassemblies and disassembly paths and techniques, must be understood by the remanufacturing and demanufacturing operations. This final barrier is an enormous one, given the competitive nature of industries with common markets and their inability to share this information for fear of loss of competitive advantage.
Economics:
The economics factor addresses such issues as product markets, both new and used, and recyclate markets. It is important to recognize that the economic benefits of product multi-use and recycling need to be profitable. Business units, whether an OEM or a separate demanufacturer or remanufacturer, will not perform the required actions to achieve product multi-use and zero waste if the markets are not developed and do not generate a profit for the business entities. In the case of an OEM, the profitability of product recovery and multiuse, may be realized through a reduction in the need for new materials, component parts, and subassemblies in a remanufactured product.
As per previous discussions, the establishment of markets for reuse or remanufactured products is a major economic barrier in achieving product multi-use. It is important to understand the workings of existing secondary markets in order to improve these markets and develop new markets for other products currently not reused. In addition, it is also important to understand the complex economics of the demanufacturer or remanufacturer in the current recovery infrastructure to determine the best recovery option for future products.
Methods:
A number of analysis methods must be developed to support the goals of product multi-use and a zero waste product/material life-cycles. Methods are needed to support the efforts of the OEMs, designers, remanufacturers, etc. Value modeling is an important method used by new product designers to determine the effect of critical-to-value attributes on the overall new product value [Cook and Wu, 2001] . While developed for new product valuation, there is no value modeling methodology available for end-of-use product valuation. Designers have some tools available for their use, e.g., life-cycle assessment and design for environment, but these methods are not yet widely utilized. Obviously, the analysis tools and methods that are required are wideranging in scope: engineering, public policy, material flow, etc. and must incorporate the factors described herein (recovery, design, manufacturing, society, etc.).
Usage:
The final factor that influences product multi-use and zero waste life-cycles is the usage of the product itself. Usage issues that are controlled by the consumer during use (or indirectly by the designer) include: 1) product loading and usage cycles, and 2) product maintenance and servicing. The actual loading experienced during use will have a significant effect on product condition, which will determine the amount of reconditioning required to utilize the product or its components in a new use cycle. Maintenance is required to preserve the product in a workable condition during use and proper maintenance will minimize the decline of product performance during its use. Efforts such as preventive maintenance [Lee, 2003] are certainly consistent and supportive of the goals/ visions detailed herein.
In the European Union, progress has been made with respect to several of the factors, e.g., consumer attitudes, governmental regulations, recovery logistics, and infrastructure, in a manner that supports sustainability. Yet the overall focus in the EU, even though far more advanced than currently seen within the United States, is still focused on waste control and at best recycling of materials. Clearly much progress is still needed and much work remains to achieve the goal of product multi-use and zero waste product/waste life-cycles.
[2003] emphasize the importance of educating future professionals/engineers in the principles of sustainability. They also stressed the importance of educating the populace. All the good work in the world with respect to professional environmental education and research will be for naught if the public remains uneducated with respect to some of the large environmental issues that the U.S. is faced with, or that are on the horizon.
SUMMARY AND CONCLUSION
The authors believe that the most important recovery option is the reuse of the product as a whole. However, other options like subassembly, part, or material recovery are also important in order to reduce the amount of waste that is generated at the end-of-use phase of the product. Thus, it is important to develop technologies and logistics strategies for such recovery options. In addition to these, the design of the product and other areas identified in Fig. 5 also play a major role in improving the efficiency of recovery processes. This paper has addressed some of the key areas that need to be researched and has presented a vision for product and material flow cycles. The authors believe that the manufacturers and end-of-use processors should direct their resources to achieve product multi-use and zero waste. Some key points to remember are • Education is the most important area as it can affect the consumer perception towards used products.
• A combined effort from all stakeholders, i.e., OEMs, government, consumer, and end-of-use processors, is required to improve the current situation of product recovery, and achieve the vision of product multi-use and zero waste.
• The new focus should be to prevent the generation of waste in the first place as opposed to the current strategy of waste control and minimal material recycling. The life-cycle of a product is very complex and varies from product-to-product. Thus, the vision of product multiuse and zero waste can be achieved by removing product specific barriers, setting an example for others to follow, and reminding everyone involved in the product life-cycle that they have a responsibility to act for the greater good of society.
